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VEHICLE STEP APPARATUS AND METHOD OF OPERATION THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present disclosure relates generally to a step apparatus for a 
vehicle and method of operation thereof, and particularly to a step apparatus in 
operable communication with a door of the vehicle. 

[0002] Vehicles having high road clearance, such as trucks and sport utility 
vehicles (SUV's) for example, and especially high-road-clearance vehicles suitable for 
non-off-road use, may be provided with permanent or retractable steps at one or more 
doorways for assisting a passenger who is embarking or disembarking the vehicle. 
While permanent or retractable steps may be suitable for their intended purpose, either 
type of step may result in some loss of ground clearance that may not be desirable. A 
permanent step may have a limited tread width as defined by the overall vehicle 
width, and a retractable step may have limited horizontal and vertical displacement 
between retracted and deployed positions. Accordingly, there is a need in the art for a 
step apparatus for a vehicle that overcomes these drawbacks, 

SUMMARY OF THE INVENTION 

[0003] In one embodiment, a step apparatus for a vehicle having a door and a 
rocker panel includes a step disposed at and in operable communication with the door, 
wherein the step has a retracted position in response to the door being closed and a 
deployed position in response to the door being at least partially open. The vehicle 
has a first ground clearance in response to the door being closed and the step retracted 
and a second ground clearance in response to the door being open and the step 
deployed. The first ground clearance, which is defined by the vehicle and is 
independent of the step apparatus, is equal to or greater than the second ground 
clearance. 

[0004] In another embodiment, a step apparatus for a vehicle having a door 
and a door frame includes a step having a pivot disposed proximate the door frame 
and a bias force biasing the step in a retracted position, where the retracted position is 
in response to the door being closed. The step has a fully deployed position in 
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response to the door being at least partially open. The step rotates vertically from the 
retracted position to the deployed position about the pivot in response to the door 
being opened. The door has a drive surface for engaging the step to drive the step to 
the deployed position against the bias force. 

[0005] In a further embodiment, a method of operating a step of a vehicle is 
disclosed. The door of the vehicle is opened and via the opening action, the step is 
vertically rotated from a retracted substantially vertical position to a deployed 
substantially horizontal position. The rotational motion of the step is in opposition to 
a bias force biasing the step in the retracted position. At the deployed position, the 
step is locked in position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Referring to the exemplary drawings wherein like elements are 
numbered alike in the accompanying Figures: 

[0007] Figure 1 depicts a partial isometric view of a vehicle implementing an 
embodiment of the invention; 

[0008] Figure 2 depicts an alternative view of the embodiment of Figure 1; 

[0009] Figure 3 depicts an enlarged view of an exemplary pivot in accordance 
with an embodiment of the invention; and 

[0010] Figures 4-6 depict alternative embodiments to that depicted in Figures 
1 and 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 1] An embodiment of the invention provides a step apparatus for a 
vehicle. The step apparatus is actuated between retracted and deployed positions by 
the movement of a door of the vehicle and absent motorized assistance. The deployed 
position provides ease of entry into the vehicle, while the retracted position provides a 
means of stowing the step apparatus without reducing the vehicle ground clearance. 

[0012] Figure 1 is an exemplary embodiment of a partial isometric view of a 
vehicle 100 having a door 1 10, a door frame 120, and a step apparatus 130. The 
bottom portion 122 of the door frame is also referred to as a rocker panel. Step 



2 



apparatus 130 includes a step 132, a pivot 134, and an offset arm 136 that serves to 
offset step 132 relative to pivot 134. Pivot 134 is coupled to vehicle 100 proximate to 
rocker panel 122. Figure 1 depicts door 1 10 in an open position and step 132 in a 
deployed position. Door 110 includes drive surfaces 112, such as a drive wheels or 
rollers for example, that are arranged within door 1 10 for interacting with step 
apparatus 130, and particularly step 132, for driving step 132 from a retracted position 
depicted in Figure 2 to the deployed position depicted in Figure 1. Step 132 rotates 
vertically about pivot 134 between retracted and deployed positions, that is, the axis of 
pivot 134 is horizontal and step 132 rotates up and down. 

[0013] Referring now to Figure 2, a section cut through door 1 10 and step 
apparatus 130 is depicted with door 1 10 in a closed position and step 132 in the 
retracted position. Step apparatus is shown in solid line fashion at 130 to depict a 
retracted position, and in a dashed line fashion at 130' to depict a deployed position. 

[0014] In the closed and retracted position (Figure 2), door 110 is closed, and 
step 132 is biased counterclockwise about pivot 134, via a bias force, a bias spring, or 
other suitable means, depicted generally at arrow 138, to the retracted position. Bias 
force 138 may also be coupled with a rotational damper (also depicted generally by 
numeral 138) for damping the movement of step 132 toward the retracted position. In 
the retracted position, vehicle 100 has a first ground clearance A that is defined by the 
distance between ground 102 (bottom of wheel 104) and the underside of vehicle 
chassis 140, and not by a dimension from ground 102 to step apparatus 130. As door 
110 moves from the closed position of Figure 2 to the open position of Figure 1, drive 
surfaces 1 12 within door 1 10 engage step 132 to rotate step 132 clockwise about pivot 
134. While three drive wheels 1 12 are depicted as drive surfaces, it will be 
appreciated that any appropriate number of drive wheels 112 may be employed. Drive 
wheels 112 interact with step 132 in such a manner so as to create the clockwise 
motion of step 132, which may require the uppermost drive wheel 112 to engage step 
132 prior to engagement of the lowermost drive wheel 112. As door 1 10 rotates open 
and step 132 rotates clockwise toward the deployed position, the moment arm 
between pivot 134 and the line of force acting through drive wheel 112 increases, 
thereby enabling the lowermost drive wheel 1 12 to drive step 132 to its fully deployed 
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position. The geometry between drive wheels 112 and step 132 is appropriately 
defined to enable the clockwise pivot action of step 132. In the fully deployed 
position, as depicted by the dashed lines in Figure 2, step 132 defines a second ground 
clearance B that may be equal to or less than first ground clearance A, and a step entry 
elevation C that is less than a step elevation D defined by the absence of step 132. In 
an embodiment, step elevation C is about 50 percent of step elevation D. 

[0015] The lateral open dimension 150 of door 1 10 defines the point at which 
step 132 is fully deployed. In an embodiment, step 132 is fully deployed at a lateral 
open dimension 150 of equal to or less than about 28 inches. In another embodiment, 
step 132 is fully deployed at a lateral open dimension 150 of equal to or less than 
about 15 inches. It will be appreciated that in view of the dimensional tolerances 
among and between the several parts that define the exact point of a fully deployed 
step 132, the exact lateral open dimension 150 may vary somewhat and is not critical 
to an understanding of the invention. 

[0016] With respect to the outer edge of rocker panel 122, the outermost point 
of step 132 has a first horizontal displacement E when in the retracted position, and a 
second horizontal displacement F when in the deployed position, such that 
displacement F is greater than displacement E. In an embodiment, displacement F is 
equal to or greater than about 6 inches, in another embodiment, displacement F is 
equal to or greater than about 9 inches, and in yet another embodiment, displacement 
F is equal to or less than about 15 inches. It will be appreciated that in view of the 
dimensional tolerances among and between the several parts that define the exact 
location of the outermost point of step 132, the exact dimension of displacement F 
may vary somewhat and is not critical to an understanding of the invention. 

[0017] Referring now to Figure 3, an enlarged view of a section of pivot 134 is 
depicted having a locking surface 160 and a retaining surface 165. A latch 
mechanism 170 is in operable communication with pivot 134, and with door 110 via 
linkage 175. Latch mechanism 170 includes a body 172, a locking portion 180, and a 
retaining portion 185. Retaining portion is biased toward the center of pivot 134 via 
bias spring 190. Stop surfaces 187, 174 prevent retaining portion 185 from ejecting 
out of body 172. Retaining portion 185 may be pushed into body 172 until end 189 
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contacts stop surface 176. When step 132 is fully deployed, locking portion 180 
engages with locking surface 160 to lock step 132 in the deployed position, as 
depicted in Figure 3. When door 110 closes, linkage 175, responsive to the closing 
action of door 110, disengages locking portion 180 from locking surface 160 
sufficient to permit pivot 134 to rotate counterclockwise under the influence of 
rotational bias force 138, thereby enabling step 132 to move to the retracted position. 
During the counterclockwise rotation of pivot 134, the end 181 of locking portion 180 
sufficiently clears the outer diameter of pivot 134, but retaining portion 185 does not. 
Instead, retaining portion is cammed into body 172 against the force of bias spring 
190. In an embodiment, retaining portion 185 may be viewed as a cam follower, and 
the outer diameter of pivot 134 may be viewed as a cam surface, thereby providing a 
cam and cam follower arrangement. It will be appreciated that other cam and cam 
follower arrangements and geometries may be employed without detracting from the 
scope of the invention. When step 132 and pivot 134 reach the retracted position, 
retaining portion 185 is driven out of body 172 under the influence of bias spring 190 
to engage retaining surface 165, thereby retaining step 132 in the retracted position. 

[0018] In response to door 1 10 being moved from the closed position to the 
open position, retaining portion 185 is driven, or cammed, out of engagement with 
retaining surface 165 in opposition of bias spring force 190, thereby enabling step 132 
to rotate and move to the deployed position. In an alternative embodiment, not only 
may retaining portion 185 be cammed out of engagement with retaining surface 165, 
but retaining portion 185 may also be unlatched from engagement with retaining 
surface 165 via linkage 175 acting upon latch mechanism 170. Here, linkage 175 may 
be cooperatively connected with a handle (not shown) of door 110, thereby enabling 
the unlatching of latch mechanism 170 in response to the door handle being actuated. 
In this manner, step 132 may be securely stowed and forcibly deployed if necessary. 

[0019] An embodiment of the invention may include several latch 
mechanisms 170 distributed along the axial length of pivot 134, thereby providing a 
means for generating sufficient forces for locking step 132 in the deployed position 
and retaining step 132 in the retracted position. 
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[0020] While an embodiment of the invention is depicted having a step 
apparatus that is actuated between retracted and deployed positions by the movement 
of a door of the vehicle and absent motorized assistance, it will be appreciated that 
motorized assistance may be included for remote operation or other purposes. 

[0021] Alternative embodiments of the invention are illustrated in Figures 4 
and 5. Figure 4 depicts an L-shaped step 132 in varies positions between retracted 
(solid line) and deployed (dashed line) positions, and Figure 5 depicts a flat step 132 
in both retracted (solid line) and deployed (dashed line) positions. In viewing the 
varied embodiments, it will be appreciated that other shapes for step 132 may be 
employed without detracting from the scope of the invention. 

[0022] The movement of step 132 from a retracted position to a deployed 
position is accomplished by opening door 110 of vehicle 100, engaging drive surface 
112 with step 132, and via the opening action of door 110 vertically rotating step 132 
from a retracted substantially vertical position to a deployed substantially horizontal 
position. As used herein, the terms substantially vertical and substantially horizontal 
refer to orientations of step 132 convenient for stowing against door 1 10 and for using 
as a horizontal step, which may depart somewhat from an exact vertical or horizontal 
orientation due to tolerance accumulation or design. The rotation of step 132 occurs 
in opposition to a bias force 138 that biases step 132 toward the retracted position. At 
the point of full deployment, step 132 is locked in position. 

[0023] The movement of step 132 from the deployed position to the retracted 
position is accomplished by closing door 1 10 of vehicle 100, and in response to door 
110 being closed, unlocking step 132 from the deployed position via motion of 
linkage 175. When unlocked, step 132 is then free to rotate vertically under the 
influence of retracting bias force 138 from the deployed substantially horizontal 
position to the retracted substantially vertical position. When in the retracted position, 
step 132 is held in place via a cam 134 (outer surface of pivot 134) and cam follower 
185 (retaining portion 185) arrangement. Here, cam 134 is represented by the outer 
surface of pivot 134 and cam follower 185 is represented by retaining portion 185, but 
other cam/cam-follower arrangements may also be employed. In an alternative 
embodiment, the rotation of step 132 from the deployed position to the retracted 
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position may be accomplished using a damping device, such as an oil filled rotational 
damper for example, thereby reducing the impact of step 132 against door 1 10 as it 
reaches the end of its travel. 

[0024] An alternative embodiment of step 132 includes a ramp portion 195 
proximate the door pivot axis 94, best seen by now referring to Figure 6. As door 1 10 
opens in the direction of arrow 111 from a closed position 90 to a partially open 
position 91, drive surface 114 engages step 132 to begin the deployment process. As 
door 1 10 continues to open from the partially open position 91 to a substantially open 
position 92, drive surface 116 engages ramp portion 195, thereby driving step 132 to a 
fully deployed position. By appropriately dimensioning the distance between drive 
surface 114 and step 132, and the distance between drive surface 116 and ramp 
portion 195, the desired mechanical advantage may be achieved for smoothly 
deploying step 132 as door 1 10 swings about axis 94. Drive surfaces 1 14, 1 16 may be 
slip pads, drive wheels, or any other means for imparting a driving force to step 132. 
As an added feature, ramp portion 195 may include a light 197 angled appropriately to 
illuminate step 132 during entry and exit. 

[0025] While an embodiment of the invention has been disclosed with a door 
having a pivot action, it will be appreciated that a door having a sliding action may 
also be capable of interacting with a ramp system to deploy a step. Accordingly, the 
scope of the invention is not limited to pivoting doors only. 

[0026] As disclosed, some embodiments of the invention may include some of 
the following advantages: no reduction in vehicle ground clearance with the step 
stowed in the retracted position; no increase in vehicle width with step stowed in the 
retracted position; wide step tread with the width being defined by application rather 
than vehicle structure; automatic deployment and retraction of the step with the 
opening and closing action of the door absent a need for motor assistance; and, full 
deployment of the step with only partial opening of the door. 

[0027] While the invention has been described with reference to exemplary 
embodiments, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may be 
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made to adapt a particular situation or material to the teachings of the invention 
without departing from the essential scope thereof. Therefore, it is intended that the 
invention not be limited to the particular embodiment disclosed as the best or only 
mode contemplated for carrying out this invention, but that the invention will include 
all embodiments falling within the scope of the appended claims. Moreover, the use 
of the terms first, second, etc. do not denote any order or importance, but rather the 
terms first, second, etc. are used to distinguish one element from another. 
Furthermore, the use of the terms a, an, etc, do not denote a limitation of quantity, but 
rather denote the presence of at least one of the referenced item. 
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